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METHOD AND DEVICE FOR IDENTIFYING A BIOPOLYMER SEQUENCE 
ON A SOLID SURFACE 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

PRELIMINARY AMENDMENT 
Prior to examination, please amend the application as follows: 



In the Specification : 

Please add the following paragraph to the application after the title: 

—CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a National Stage application under 35 U.S.C. §371 and claims benefit 
under 35 U.S.C. § 119(a) of International Application No. PCT/DE00/02758 having an 
International Filing Date of August 12, 2000, which claims benefit of DE 199 38 138.0 filed on 
August 16, 1999.-- 

Please delete the paragraph on page 2, lines 1-3. 



In the Claims : 

Please cancel claims 1-10. 

Please add the following new claims 1 1-24. Claims 1 1-24 are pending. f 
11. A process for the identification of an anti-counterfeiting mark, comprising the 
steps of: 
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applying an anti-counterfeiting mark to a surface of a first substrate as a layer 
with electro-active metal atoms, ions, clusters or complex molecules, wherein the anti- 
counterfeiting mark is a first biopolymer, 

contacting the first biopolymer with a second biopolymer applied as a layer with 
electro-active metal atoms, ions, clusters or complex molecules, wherein the second biopolymer 
has affinity to the first biopolymer, thereby generating a biopolymer-biopolymer complex, 

applying an electrical current to the biopolymer-biopolymer complex, and 

measuring an electrical property of the biopolymer-biopolymer complex, thereby 
identifying the presence of the anti-counterfeiting mark. 

1 2. The process of claim 1 1 , wherein the electrical current is a direct current. 

13. The process of claim 11, wherein the electrical current is an alternating current. 

14. The process of claim 11, wherein the electrical property measured is a change in 
impedence/conductivity. 

15. The process of claim 1 1 , wherein the electrical property measured is a function of 
a superimposed alternating-voltage or alternating-current frequency. 

16. The process of claim 11, wherein the electrical property measured is a change in 



voltage. 

17. 

amplitude. 
18. 

phase. 

19. 



The process of claim 11, wherein the electrical property measured is a change in 
The process of claim 1 1 , wherein the electrical property measured is a change in 



The process of claim 1 1 , wherein measuring the electrical property is carried out 
by a reference electrode and/or a counter-electrode. 

20. An apparatus for identifying an anti-counterfeiting mark, comprising: 

a second biopolymer applied to a surface of a second substrate as a layer with 
electro-active metal atoms, ions, clusters or complex molecules, 

a device for applying an electrical current and/or a device for measuring an 
electrical property. 

21. The apparatus of claim 20, wherein the second biopolymer is applied to an 
insulator provided on the surface of the second substrate. 
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22. The apparatus of claim 20, further comprising a reference electrode and/or a 
counter-electrode. 

23. A process for the identification of an anti-counterfeiting mark applied to a surface 
of a first substrate as a layer with electro-active metal atoms, ions, clusters or complex 
molecules, wherein the anti-counterfeiting mark is a first biopolymer, said method comprising 
the steps of: 

contacting the first biopolymer with at least one second biopolymer applied to a 
surface of a second substrate as a layer with electro-active metal atoms, ions, clusters or complex 
molecules, wherein the second biopolymer has affinity to the first biopolymer, thereby 
generating a biopolymer-biopolymer complex, 

applying an electrical current to the biopolymer-biopolymer complex, and 
measuring an electrical property of the biopolymer-biopolymer complex, thereby 
identifying the presence of the anti-counterfeiting mark. 

24. A first substrate marked with an anti-counterfeiting mark, wherein the first 
substrate has been marked by: 

providing the first substrate to be marked with an anti-counterfeiting mark applied 
to a surface of the first substrate as a layer with electro-active metal atoms, ions, clusters or 
complex molecules, wherein the anti-counterfeiting mark is a first biopolymer, 

wherein for identification of the anti-counterfeiting mark, there is provided at least one 
second biopolymer applied to a surface of a second substrate as a layer with electro-active metal 
atoms, ions, clusters or complex molecules, wherein the second biopolymer has affinity to the 
first biopolymer thereby generating a biopolymer-biopolymer complex, wherein an electrical 
current is applied to the biopolymer-biopolymer complex, and wherein an electrical property of 
the biopolymer-biopolymer complex is measured, thereby identifying the presence of the anti- 
counterfeiting mark. 



In the Abstract : 

Please add the attached Abstract to the application after the claims. 
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REMARKS 



Applicants respectfully request entry of the amendments and remarks submitted herein. 
Claims 1-10 have been canceled, and new claims 1 1-24 have been added. Support for new 
claims 1 1-24 can be found in the originally filed claims and throughout the specification. Claims 
1 1-24 are currently pending. Attached is a marked-up version of the changes being made by the 
current amendments. Reconsideration of the pending application is respectfully requested. 

In addition, Applicants amended the specification to include a paragraph describing 
related applications and to claim the benefit of priority to such applications. Applicants also 
have amended the specification to remove the paragraph on page 2 that refers to claim numbers, 
and to add an Abstract. The attached Abstract is the English language Abstract that was 
published with the PCT application. Therefore, Applicants submit that there is no new matter 
introduced by these amendments. 



Applicants ask that claims 1 1-24 be examined. The enclosed filing fee takes into account 
the new claims added by this Preliminary Amendment. Please apply any other charges or credits 
to Deposit Account No. 06-1050. 



Fish & Richardson P.C., P.A. 
60 South Sixth Street, Suite 3300 
Minneapolis, MN 55402 
Telephone: (612) 335-5070 
Facsimile: (612)288-9696 

60072005 doc 



CONCLUSION 



Respectfully submitted, 




M. Angela Parsons, Ph.D. 
Reg. No. 44,282 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



In the Specification: 

The following paragraph was added to the application after the title: 



-CROSS-REFERENCE TO RELATED APPLICATIONS 



This application is a National Stage application under 35 U.S.C. §371 and claims benefit 
under 35 U.S.C. §1 19(a) of International Application No. PCT/DE00/02758 having an 
International Filing Date of August 12, 2000, which claims benefit of DE 199 38 138.0 filed on 
August 16, 1999.-- 

The paragraph on page 2, lines 1-3 has been deleted. 

In the Claims: 

Please cancel claims 1-10. 

New claims 1 1 -24 have been added. 

In the Abstract: 

The Abstract on the attached page has been added to the application. 
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Patent Claims 

1. A process for the identification of an anti- 
counterf eiting mark in the form of a first biopolymer 

5 applied to a surface of a first substrate, 

where the first biopolymer is applied to the surface as 
a layer with electro-active metal atoms, ions, clusters 
or complex molecules introduced therein in order to 
10 amplify electrical measurement quantities, 

where the first biopolymer is brought into contact with 
a second biopolymer which has affinity thereto and 
which has been applied to a surface of a second 
15 substrate as a layer with electro-active metal atoms, 
ions, clusters or complex molecules introduced therein 
in order to amplify electrical measurement quantities, 
and 

20 where the identification of the first biopolymer is 
carried out by evaluation of the change in the 
electrical measurement quantity impedance or 
conductivity caused by the adhesion due to the 
affinity. 

25 

2. A process as claimed in claim 1, where the change 
in the impedance or conductivity in the direct- and/or 
alternating-current region is measured as a function of 
a superimposed alternating-voltage or alternating- 

3 0 current frequency. 

3. A process as claimed in claim 1 or 2 , where at 
least one of the surfaces is electrically conductive, 
and the change over this surface is measured. 

35 

4. A process as claimed in claim 3, where the 
surfaces are separated by an insulator. 



AMENDED SHEET 
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5. A process as claimed in the preceding claims, 
where the determination of the change is carried out by 
means of a reference electrode and/or a counter- 

5 electrode. 

6 . An apparatus for carrying out the process as 
claimed in one of the preceding claims, 

10 where a first biopolymer is applied to a surface of a 
first substrate in such a way that it can be brought 
into contact with a second biopolymer which has 
affinity thereto and which has been applied to a 
surface of a second substrate, 

15 

where the first and second biopolymer are on the 
surface in the form of a layer, and the layer is 
provided with electro-active metal atoms, ions, 
clusters or complex molecules in order to amplify 

2 0 electrical measurement quantities, and 

where, for the identification of the first biopolymer, 
a device is provided for the evaluation of a change in 
the electrical measurement quantity impedance or 
25 conductivity caused by the adhesion due to the 
affinity . 

7. An apparatus as claimed in claim 6, where the 
change in the direct-current and/or alternating-current 

3 0 region as a function of a superimposed alternating- 

voltage or alternating-current frequency can be 
measured by means of the evaluation device. 

8. An apparatus as claimed in claim 6 or 7 , where at 
35 least one of the surfaces is electrically conductive, 

and the change can be measured over this surface. 
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9. An apparatus as claimed in one of claims 6 to 8, 
where the first and/or second biopolymer has been 
applied to an insulator provided on the surface. 

10. An apparatus as claimed in one of claims 6 to 9 , 
where a reference electrode and/or a counterelectrode 
is /are provided. 
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ABSTRACT OF THE DISCLOSURE 

The invention relates to a method for identifying a biopolymer spread on a first surface of 
a solid substrate, whereby the first biopolymer is brought into contact with a second biopolymer 
which spread on a second surface, whereby said second biopolymer has an affinity for the first 
biopolymer. 
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Process and apparatus for the identification of a 
biopolymer sequence on the surfaces of solids 

The invention relates to a process and an apparatus for 
5 the identification of a specific biopolymer sequence 
which is bound to the surface of a solid. 

US 5,780,234 discloses detecting the state of hybrid- 
ization by changing the electrical conductivity. To 

10 this end, it is necessary, according to the teaching of 
US 5,780,234, that transfer of free electrons takes 
place. For this purpose, the nucleic acid sequences are 
combined with electron donors or acceptors. If 
hybridization takes place, charge transport can occur. 

15 The adduction of the oligonucleotide to be detected 
takes place from solution here. 

Further processes for the identification of a polymer 
sequence are disclosed in WO 99/29898, US 5,065,798, 
20 WO 98/48275, US 5,866,336 and WO 99/11813. 

It is known from H.W. Fink, C. Schonenberger , Nature 
398, 407 (1999) that the conductivity of individual DNA 
double strands is in the order of magnitude of good 
2 5 semiconductors or conductive polymers. 

S.O. Kelley, N.M. Jackson, M.G. Hill, J.K. Barton, 
Angew. Chem. Inter. Ed. Engl. 38, 941 (1999) disclose 
that monolayers of DNA double strands on electrode 
30 surfaces have high conductivity and faster charge 
transfer, even over large separations. 

The object of the invention is to provide a novel 
technology by means of which biopolymer s immobilized on 
35 a solid surface can be identified unambiguously, 
quickly and sensitively. 
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This object is achieved by the features of Claims 1 and 
7. Advantageous embodiments arise from the features of 
claims 2 to 6 and 8 to 12. 

5 According to the invention, a process is provided for 
the identification of a first biopolymer applied to a 
first surface of a first substrate, where the first 
biopolymer is brought into contact with a second 
biopolymer which has affinity thereto and which is 
10 located on a surface of a second substrate, and where 
the identification of the first biopolymer is carried 
out by evaluation of the change in impedance or 
conductivity caused by the adhesion due to the 
affinity. 

15 

The term biopolymer is taken to mean, in particular, a 
polymer formed from nucleotides or amino acids, for 
example DNA, RNA, PNA, PTO, peptide, protein and the 
like. The term biopolymer which has affinity is taken 

2 0 to mean a biopolymer which is able to form a bond to a 

corresponding biopolymer. The bond can be a covalent, 
ionic or hydrogen bond. Bonding caused by steric 
effects is also possible. 

25 Electronic detection of the change in conductivity 
between two surfaces which occurs, for example, on 
hybridization increases the sensitivity and specificity 
and reduces the apparatus complexity. 

3 0 Possible areas of application of the process according 

to the invention are in medical diagnostics, 
identification, coding and recognition technology. 

The change that can be measured is the change in 
35 impedance or conductivity in the direct-current and/or 
alternating-current region as a function of a 
superimposed alternating-voltage or current frequency. 
It is possible here for one of the surfaces to be 
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electrically conductive and for the change over this 
surface to be measured. However, the surfaces may also 
be separated by an insulator. The first and/or second 
biopolymer may be applied to the surface in the form of 
5 a layer, with electro-active metal atoms, ions, 
clusters or complex molecules being introduced therein. 
According to a further embodiment, it is provided that 
the determination of the change is carried out by means 
of a reference electrode and/or a counterelectrode . 

10 

The invention furthermore relates to an apparatus for 
carrying out the process according to the invention, 
where a first biopolymer is applied to the surface of a 
first substrate in such a way that it can be brought 

15 into contact with a second biopolymer which has 
affinity thereto and which has been applied to a 
surface of a second substrate, and where, for the 
identification of the first biopolymer, a device is 
provided for the evaluation of a change in the 

2 0 impedance or conductivity caused by the adhesion due to 
the affinity. 

Embodiments of the invention are explained below. The 
identification according to the invention of the 

2 5 biopolymer on the surface of a solid is advantageously 

carried out by the following procedure: 

The first biopolymers immobilized on the surface of the 
first substrate are brought into contact with second 

3 0 biopolymers which have affinity thereto. This results 

in hybridization. The second biopolymers may be 
immobilized on a surface of a second substrate and be 
brought into contact with the first biopolymers to be 
identified, for example by pressing onto one another. A 
35 suitable substrate material is glass, plastic or metal. 
The latter may be in the form of a foil. 
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When hybridization takes place between two parallel 
surfaces, the change in the conductivity between the 
two surfaces can be used for detection. This applies in 
both embodiments both for direct-current and 
5 alternating-current conductivity phenomena. In order to 
increase the conductivity, metal atoms, ions, clusters 
or complex molecules may also be intercalated into the 
thin films formed from the biopolymers . Alternatively, 
the detection can also take place via fluorescence or 
10 other optical methods. Conductive clusters can be 
employed here for amplification of optical signals. 

In an embodiment, nucleic acids of a certain sequence 
are covalently bonded, as first biopolymers to be 

15 identified, to a conductive surface of the first 
substrate. Complementary nucleic acids are bound to a 
second conductive substrate, which is brought into 
contact with the first by pressing onto one another. If 
hybridization of the nucleic acids takes place, the 

20 electrical resistance drops. This can be detected by 
conventional electronic methods. 

It is also possible to detect the changes in the 
capacitances in the hybridizing layer alternating- 
25 current resistances which accompany the hybridization. 
Furthermore, it is also possible to employ the use of 
electrochemical signals, such as, for example, specific 
reduction and oxidation peaks, for identification of 
the hybridization. 

30 

The electronic measurement quantities can be amplified 
by introducing metal atoms, clusters or ions into the 
layer of the biopolymers to be detected. This can take 
place either before or after the hybridization, for 
35 example by vapor deposition or electrochemical methods. 
Furthermore, it is also possible to use complex 
molecules which add specifically onto single-stranded 
structures or also as intercalators onto double- 

i 



WO 01/13115 PCT/DE00/02758 

- 5 - 

stranded conformations and which have electro-active 
centers . 

The process according to the invention can be used, for 
5 example, in the area of security technology for the 
marking and identification of bank notes, smart cards, 
identity cards and the like to prevent counterfeiting. 
In the case of identification using a liquid phase, the 
process can also be employed for the marking and 
10 identification of, for example, foods, medicaments or 
the like. 

Example : 

15 Oligonucleotides having a length of 21 bases are 
covalently immobilized at the 5' -end to the surface of 
a conductive polycarbonate/carbon fiber plastic. 

The oligonucleotides located on the surface are 
2 0 hybridized with complementary probes located on a 
second surface. This is carried out by bringing the two 
surfaces into contact. If an alternating voltage having 
a frequency of 250 Hz is applied between the conductive 
plastic surface and the second surface and the 
2 5 capacitive proportion of the alternating current is 
measured, a drop in the alternating- current 
conductivity by more than 10% arises in the case of 
hybridization. Hybridization of the oligonucleotide can 
thus be detected. Control experiments using non- 
30 specific oligonucleotides do not produce any 
significant change in conductivity. 
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Patent Claims 



1. A process for the identification of a first 
biopolymer applied to a surface of a first substrate, 

5 

where the first biopolymer is brought into contact with 
a second biopolymer which has affinity thereto and 
which is located on a surface of a second substrate, 
and 

10 

where the identification of the first biopolymer is 
carried out by evaluation of the change in impedance or 
conductivity caused by the adhesion due to the 
affinity. 

15 

2. A process as claimed in claim 1, where the change 
in the impedance or conductivity in the direct- and/or 
alternating-current region is measured as a function of 
a superimposed alternating-voltage or alternating- 

20 current frequency. 

3. A process as claimed in claim 1 or 2 , where at 
least one of the surfaces is electrically conductive, 
and the change over this surface is measured. 

25 

4. A process as claimed in claim 3, where the 
surfaces are separated by an insulator. 

5. A process as claimed in the preceding claims, 
3 0 where the first and/or second biopolymer is applied as 

a layer to the surface, with electro-active metal 
atoms, ions, clusters or complex molecules being 
introduced therein . 



35 6. A process as claimed in the preceding claims, 
where the determination of the change is carried out by 
means of a reference electrode and/or a counter- 
electrode . 
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7 . An apparatus for carrying out the process as 
claimed in one of the preceding claims, where a first 
biopolymer is applied to a surface of a first substrate 
in such a way that it can be brought into contact with 
a second biopolymer which has affinity thereto and 
which has been applied to a surface of a second 
substrate, and where, for the identification of the 
first biopolymer, a device is provided for the evalu- 
ation of a change in the impedance or conductivity 
caused by the adhesion due to the affinity. 

8. An apparatus as claimed in claim 7, where the 
change in the direct-current and/or alternating-current 
region as a function of a superimposed alternating- 
voltage or alternating-current frequency can be 
measured by means of the evaluation device. 

9. An apparatus as claimed in claim 7 or 8 , where at 
least one of the surfaces is electrically conductive, 
and the change can be measured over this surface. 

10. An apparatus as claimed in one of claims 7 to 9 , 
where the first and/or second biopolymer has been 
applied to an insulator provided on the surface. 

11. An apparatus as claimed in one of claims 7 to 10, 
where the first and/or second biopolymer is /are in the 
form of a layer on the surface, and the layer is 
provided with electro-active metal atoms, ions, 
clusters or complex molecules . 

12. An apparatus as claimed in one of claims 7 to 11, 
where a reference electrode and/or a counterelectrode 
is/are provided. 
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jj= (54) Title: METHOD AND DEVICE FOR IDENTIFYING A BIOPOLYMER SEQUENCE ON A SOLID SURFACE 

(54) Bezeichnung: VERFAHREN UND VORRICHTUNG ZUR IDENTIFIKATTON EINER BIOPOLYMERSEQUENZ AUF 
FESTKORPEROBERFLACHEN 



^ (57) Abstract: The invention relates to a method for identifying a biopolymer spread on a first surface of a solid substrate, whereby 
^ the first biopolymer is brought into contact with a second biopolymer which spread on a second surface, whereby said second 
ID biopolymer has an affinity for the first biopolymer; Biopolymer in Kontakt gebracht wird und wobei die Identification des ersten 
fH Biopolymers vorgenommen wird durch Auswertung der durch affinitatsbedingte Adhasion ausgelosten Anderung der Impedanz, 
*H der Leirfahigkeit im Gleichstrom- und/oder Wechselstrombereich in Abhangigkeit von einer aufgepragten Wechselspannungs- oder 
Wechsclstromfrequenz. 



(57) Zusammenfassung: Die Erfindung betrifTt ein Verfahren zur Identifikation eines auf einer ersten Oberflache eines Festkdr- 
persubstrats aufgebrachten ersten Biopolymers, wobei das erste Biopolymer mit einem dazu affinen, zweiten sich auf einer zweiten 
Oberflache befindenden Biopolymer in Kontakt gebracht wird und wobei die Identifikation des ersten Biopolymers vorgenommen 
wird durch Auswertung der durch affinitatsbedingte Adhasion ausgelosten Anderung der Impedanz oder der Leitfahigkeit im Gleich- 
strom- und/oder Wechselstrombereich in Abhangigkeit von einer aufgepragten Wechselspannungs- oder Wechsclstromfrequenz. 
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Title 37, Code of Fedeial Regulations, §1 .56. 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign 
application(s) for patent or inventor's certificate or of any PCT international application(s) designating at least one 
country other than the United States of America listed below and have also identified below any foreign application 
for patent or inventor's certificate or any PCT international application(s) designating at least one country other than 
the United States of America filed by me on the same subject matter having a filing date before that of the 
application(s) of which priority is claimed: 



Country 



Application No. 



PCT 



PCT/DE00/02758 



Fiiing Date 



Germany 



August 12, 2000 



199 38 138.0 



August 16, 1999 



Priority Claimed 

[X] Yes [] No 
[X] Yes [] No 



I hereby appoint the following attorneys and/or agents to prosecute this application and to transact all 
business in the Patent and Trademark Office connected therewith: 



Dorothy P. Whelan, Reg. No~i3J£J4^ 

Monica McCormick Graham, Reg. No. 42,600 

J. Patrick Finn 111, Reg. N o. 44.10 9 

H. Sanders Gwin Jr., Reg. No . 33,24 2 

Ruffin B. Cordell, Reg. No. 33 : 487 
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